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Abstract
In order to reduce the wall loading of a gyrotron cavity, a gyrotron
with a minimum Q cavity is proposed and experimentally tested at 140 GHz.
The minimum Q is defined as Q (Qmin - 4w(L/X)2, where L and X are
the effective cavity length and the wavelength. A nonlinear up-taper,
the radius of which gradually changes with respect to the axial direction,
is used to mimimize the reflection at the output taper of the open resonator.
The detailed performance is investigated by means of self-consistent gyrotron
theory. It is found that the electron beam significantly modifies the RF
axial field profile in comparison with the cold cavity profile through the
interaction between the electrons and the RF field. The maximum experimental
efficiency of 37 % is achieved at 150 kW and is compared with the results
of self-consistent gyrotron theory. These theoretical and experimental
results show the feasibility of the minimum Q cavity, especially for high
power and high frequency gyrotrons.
1. Introduction
Recently, gyrotron research and development has progressed rapidly
(Felch, ed. 1985). In particular, significant progress has been made
over the last decade in high power gyrotrons that can be used for electron
cyclotron resonance heating (ECRH) of fusion plasmas. As fusion devices
become larger and operate at higher magnetic fields, it will be necessary
to develop cw gyrotrons that operate at both higher frequencies and at
higher powers.
The authors have developed a 200 kW, 140 GHz pulsed gyrotron (Kreischer
et al. 1984), and are developing a 1 MW, 120 GHz gyrotron (Kreischer et al.
1985). One of the technological constraints of high frequency and high
power gyrotrons is wall loading of the cavity due to ohmic losses. Typical-
ly, an average wall loading of about 2 kW/cm2 is the maximum value of
tolerable wall loading for presently available cooling technology. To
decrease the wall loading, it is necessary to decrease the magnitude of
electric field in the cavity. Let Q be the quality factor of the cavity.
The power balance condition gives Q = Uw/P, where U, P, and w denote
the stored energy of the cavity, the output power, and the frequency,
respectively. For a fixed output power P at the frequency o, we have
to decrease Q in order to reduce the stored energy or the electric field
in the cavity. Alternatively, for a fixed wall loading, the output power
could be increased as Q is reduced.
Generally, the diffractive Q value of an open resonator is expressed as
Q = 4(L/X)2(1-R)~' (Vlasov et al. 1969, Temkin 1981), where L is
the cavity length, X is the wavelength, and R is the cavity reflectivity
coefficient at the output taper. This formula shows that Q has a minimum
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value Qmin - 4w(L/X) 2 for a fixed cavity length and frequency.
To achieve high efficiency with a gyrotron, the cavity length must be optimized
using nonlinear gyrotron theories (Nusinovich and Erm 1972, Danly and Temkin
1986). Therefore, the reflection R must be reduced in order to decrease Q
while at the same time the cavity length must remain optimized.
To make this point clear, we use the nonlinear theory of a gyrotron with
a Gaussian axial field profile (Nusinovich and Erm 1972), which has been
exploited for the wide range of gyrotron designs (Kreischer et al. 1984,
Saito et al. 1985). This theory shows that the perpendicular efficiency nj can
be expressed in terms of three parameters (see Eq.(1), Sec. 2): the normalized
cavity length v, the normalized RF field magnitude F, and the frequency
detuning A. Figure 1 shows the equicontour curves ni after optimization
with respect to the detuning parameter. The average ohmic losses in the
cavity walls are also shown for the TE03 1 mode, with the conductivitya
5x10 7 (0m)-l, and a frequency of 140 GHz. Using the power balance
condition, the lines of Q/Qmin = 2.5 and 1 are shown in Fig.1 for P
100 kW. The point A corresponds to the gyrotron with a Q = 1515 cavity,
which we reported previously (Kreischer et al. 1984). On the other hand, the
point B corresponds to the present gyrotron with minimum Q value. As is seen
in Fig.1, the minimum Q gyrotron at the point B has a slightly higher efficiency
and a lower field strength F by a factor 1.4, compared with the gyrotron at
the point A for the same output power and frequency. The wall loading is
proportional to F2 , so this reduction of F means a reduction of the wall
loading by a factor of two. As will be discussed below, the RF field of a
cavity with low reflectivity is not exactly a Gaussian profile and also is
modified by the electron beam. Therefore, the above discussion is an approxi-
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mate, but useful, estimate of the performance of a minimum Q gyrotron.
In gyrotrons, resonators with a linear up-taper are widely utilized
(Fliflet et al. 1982, Kreischer et al. 1984, Saito et al. 1985). However,
the sudden change of the cavity radius in such a linear up-taper induces
reflection of the radiation and results in the increase of the cavity Q. A
small linear taper (less than 1 degree) could be used to reduce this reflec-
tion, but this would require very long tapers. In this research, we use a
nonlinear up-taper in order to obtain a gyrotron with a minimum Q cavity
(Q/Qmin = 1). This allows a smooth transition from the cavity to the
output waveguide in a reasonable axial distance.
In such gyrotrons with very low reflectivity, the effect of the cavity
boundary (which can fix the RF field profile with respect to the axial direc-
tion) may be very weak. Instead, the interaction between the electron beam
and the RF field may modify significantly the axial RF field profile, as
compared with the cold cavity profile without the electron beam. This means
that it is necessary to analyze self-consistently the interaction between the
electrons and the RF field, solving simultaneouly the electron equation of
motion and the wave equation. Such self-consistent theories of gyrotrons
have been developed (Bratman et al. 1973, Bratman et al. 1975, Flyagin et
al. 1977, Charbit et al. 1981, and Fliflet et al. 1982).
Fliflet and coworkers (Fliflet et al. 1982) carried out a 35 GHz gyrotron
experiment with a low Q ( -210) cavity and compared the experimental results
with those of a self-consistent gyrotron theory. However, their cavity had a
36 degree linear up-taper which would be expected to give a very high reflec-
tivity, and the cavity was very short (L/A-2.7). This fact means that
Q/Qmin was large (-2.3) and the self-consistent effect on the RF field
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profile is less dominant than would be expected for Q/Qmin 1 - Thus, low
Q cavities represent a different physical situation than minimum Q cavities.
The need for a self-consistent theory increases as Q/Qmin approaches unity,
and does not depend on the absolute value of Q.
In this work, we realize the gyrotron with a minimum Q cavity ( Q/Qmin
1 ) by using the nonlinear up-taper and analyze the performance by
means of the self-consistent theory. It is found that the self-consistent
effect modifies significantly the RF field profile and the gyrotron performance.
Experimentally, we achieved maximum efficiency of 37%, maximum output power
of 195 kW at 127 GHz, with this minimum Q gyrotron. In Sec.2, we describe
the design of the minimum Q cavity and the results of calculations. Section
3 deals with the experimental results. Finally, discussion and the conclusions
can be found in Sec.4.
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2. Design and Calculation of Minimum Q Gyrotron
2-1. Model of Gyrotron
In this section, the model used in this study to describe the interaction
between the beam and RF field will be described. The total efficiency of the
gyrotron interaction can be written as nT = ninelfQ, where ni is
the efficiency of energy extraction from the perpendicular component of the
beam, nel is the amount of beam power in the perpendicular component,
and nQ is the reduction in efficiency due to ohmic loss in the cavity
walls. If ai = vi/c, where vi is the perpendicular velocity of
the electrons, and Y = 1 + Vc/5 11, where Vc is the cathode voltage in
kV, then nel = 0.50.2 /(1_ Y- 1 ). The reduction in efficiency
due to cavity wall loss can be shown to be quite small (0.8 <nQQ1) in
high power gyrotrons where QD<<QOHM. In the theoretical calculations
presented here, nQ has been set to one for simplicity.
In order to determine ni the nonlinear interaction between the beam
and RF fields within the cavity must be analyzed. Studies have shown
(Nusinovich and Erm 1972, Danly and Temkin 1986) that this interaction can
be represented by generalized differential equations that describe the evolu-
tion of the energy of the electrons, and their phase with respect to the
field. A detailed derivation of these equations can be found in the reference
(Danly and Temkin 1986). By considering the RF field component which is
synchronous with the oscillatory motion of the electrons, these equations can
be expressed in terms of slow time variables. These studies also show that
when the beam is weakly relativistic (na1 2 << 1, n . harmonic number), n1
can be expressed in terms of the following three parameters for a given axial
RF field profile:
6
701 (01)(L/X)
A - (2/Oj2)(1-nwc/W) (1)
F - (E 0 in-4 /Boc) (nn-1/2n- 1 n! )Jm+n(kiRe)
In these equations all = vg/c, where vl is the parallel electron velocity,
X is the wavelength, and n is the harmonic number. The length L characterizes
the width of the axial field profile. The parameter A indicates the detuning
between wc, the initial cyclotron frequency, and w, the oscillation
frequency. The coupling strength between the beam and RF field is represented
by the parameter F. All dimensioned variables are assumed to be in MKS units
unless otherwise noted. The Bessel function Jm+_ is a measure of the
coupling of the RF field to the beam at radius Re. The choice of signs in
the subscript depends on the direction of azimuthal rotation of the mode.
The magnetic field is given by Bo, and ki = vmp/Ro(z), where Ro
is the cavity radius, and vmp is the pth nonvanishing root of Jm (x)
= 0 and describes the transverse structure of the RF field. The electric
field of the TEmp mode is given by
A
Re(Eokj [ J-(kir)O + (im/kir)Jm(kir)r
x f(z)exp[i(wt - me)J} (2)
The axial dependence of the RF field in the resonator is given by the
complex profile function
f(z) = jf(z)I exp{-i*(z)} , (3)
where ki |f(z)j = 1 at its maximum value.
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We have used the following three models for the RF axial field profile:
1) A simplified Gaussian Profile Model in which the RF axial field profile
is assumed to be a Gaussian extending from -/3 L/2 to /3 L/2:
f(z) = exp{-(2z/L)2 }1/k , (4)
where EO is the amplitude and L is the width of the profile. The phase
is assumed not to change spatially. The efficiency ni, which is
obtained from the slow-time-scale calculation of the electron motion, is
presented in the references Nusinovich and Erm 1972, and Danly and Temkin
1986. 2) A Cold Cavity Profile Model in which the cold cavity RF profile
function is calculated by numerically solving the homogeneous wave equation.
We utilized a code similar to that described by Fliflet and coworkers ( Fliflet
and Read 1981 ) to obtain the cold cavity profile. The slow-time-scale
equations for the electron motion are then solved to obtain the gyrotron
efficiency. 3) A Self-Consistent Profile Model in which the RF axial field
profile function satisfies a wave equation with the high frequency electron
beam current appearing as a source. The wave equation is solved simultane-
ously with the electron equation of motion. For this model, we employed
the self-consistent field code developed by Fliflet and coworkers ( Fliflet
et al. 1982 ).
2-2. Cavity Design
The design of the minimum Q cavity was first performed by means of a
simplified Gaussian profile model. The effective cavity length L which
characterizes the width of the axial field profile is obtained by using the
cold cavity profile. We show the design in this section. The detailed
gyrotron performance was then tested by means of the self-consistent profile
model which will be described in Sec.2-3.
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The simplified Gaussian profile model gives the efficiency n1
optimized with respect to the detuning as a function of F and P, in
Fig.1. The power balance condition yields ( Kreischer et al. 1985) a
relation between p, F and R
y 2155F2(1 - 0.51 2A) 2 /CD (5)
where
CD 2P(MW)/[C (v -m2) , 7 y2 a(1-R)] (6)mp 'mp
Here a = ±/ajj, and Cmp=Jm (vmp)/Jmtn(kiRe). In Fig.1, this equation
has been plotted for Q/Qmin=2 .5 and 1, assuming the output power P = 100
kW, and 012A = 0.1. Under the condition of a constant output power,
an optimum cavity length (p) is required for high efficiency. This graph
indicates that the Q/Qmin value should approach unity in order to reduce
the field magnitude in the cavity and maintain high efficiency.
For a given cavity shape, the cold cavity field profile is calculated,
and the Q value is found. The cold cavity field profile gives an equivalent
cavity length for the best-fitted Gaussian profile. Using the Q value and
the effective cavity length, Q/Qmin or (1-R)_1 are obtained. We optimized
the cavity shape so that the efficiency becomes high and Q/Qmin approaches
unity in Fig.1. We tried several types of cavities including cavities with
linear and nonlinear (square, cubic, and quartic) up-tapers. Linear up-tapers
induce strong reflection due to the sudden change of the radius, even if
the taper angle is very small (< 1*). We found that nonlinear up-tapers,
which have gradually varying radius with respect to the axial direction,
are very effective in reducing the reflection.
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The above-mentioned iterative design yielded one of the optimized
gyrotron cavities shown in Fig.2. The cavity consists of the 1* linear
down-taper, the straight section, and the cubic up-taper, the radius of
which increases as the cubic function with respect to the axial direction.
The cubic up-taper is 4.5cm in length and connects smoothly with the straight
section and the extension linear taper with 2* angle. For the TE03 1 mode,
the cold cavity resonance frequency is 139.58 GHz, and Q = 1150.
For the cold cavity model, the field amplitude If(z)t normalized by
the peak value and the phase of the cold cavity profile are shown in
Fig.3, by the broken lines. The field amplitude peaks near the junction
between the straight section and the up-taper, because the cubic up-taper
requires some axial distance over which the change of the radius is
enough to reflect the wave. Also, the wave reflection is widely distributed
in some axial distance and the field amplitude shows the very gradual
decrease in the up-taper. The phase varies gradually in the straight
section and starts linearly changing in the output section. The effective
length L characterizing the width of the axial field profile is evaluated
by fitting a Gaussian profile to the f(z) function shown in Fig.3, and we
find P - 17 in Eq.(1). This value yields Qmin - 1100 and our cavity
satisfies Q/Qmin - 1. Roughly, this cavity corresponds to the point B
for P = 100 kW, and Fig.1 shows ni = 70 % and F = 0.115, which
corresponds to a wall loading of 1.4 kW/cm2 , assuming the conductivity
of the cavity wall is a = 5.0x10 7 (Qm)-l (annealed OFHC copper).
2-3. Self-consistent Calculation
The self-consistent calculations are performed for the cavity shown
in Fig.2. We used the self-consistent computation code by Fliflet and
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coworkers (Fliflet et al. 1982 ). Figures 3 and 4 show the self-consistent
RF field profiles by the solid lines. The field amplitude If(z)| is
normalized to its peak value. In Fig.3, the beam current is fixed at I
= 5A, and the magnetic field varies from the optimum value of Bo =
5.37 T to the nonoptimum value of Bo = 5.40 T. In Fig.4, we show the
field profiles for the fixed magnetic field Bo = 5.42 T, varying the
current from the optimum value I = 2A to the nonoptimum value of I =5A.
The equicontour plots of the frequency (Fig.5), and the total
efficiency nT (Fig.6) are shown in the plane of the magnetic field Bo
and the current I. The self-consistent frequency is always higher than
the cold cavity frequency, and increases as both the magnetic field and
the current increase. The maximum total efficiency is 60% ( the perpen-
dicular efficiency ni = 87% ) and is remarkably high.
The self-consistent field profile which gives the maximum efficiency
60% at I = 5A, Bo = 5.37T, and the corresponding profile of the efficiency
are shown in Fig.3. For comparison, the profile of the efficiency corres-
ponding to the cold cavity field profile is also shown in Fig.3 by the
broken line, for the same current and magnetic field. In both models,
the spatial profile of the efficiency rises up quickly in the straight
section and saturates once, and then rises again a little. After that,
the small periodic fluctuations can be seen. It is observed that the self-
consistent field amplitude has the corresponding periodic fluctuation in
the up-taper. This interaction is due to the periodic bunching in the
electron phase of the cyclotron motion, and modifies the self-consistent
field profile. The nonlinear taper, the radius of which varies gradually,
enhances the interaction between the RF field and the electron in the
wide range of the up-taper. As the consequence of this multi-stage
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interaction, the maximum efficiency increases by more than 10%, compared
to what the simplified Gaussian profile model predicts. It is found that
the peak position of the self-consistent field profile is at lower z and
the field width is narrower, compared to the cold cavity profile. Figure
3 shows that,for a fixed current, this effect is enhanced as the magnetic
field increases away from the optimum value. It has been found ( Fliflet
et al. 1982, Saito et al 1986 ) that the RF field in a gyrotron cavity
consists of a forward and backward travelling waves of the waveguide
mode, and two electron cyclotron waves, and that the interaction between
the electrons and the backward wave is enhanced as the magnetic field
increases. This interaction with the backward travelling wave pushes
back the RF axial field profile (Saito et al. 1986).
This narrowing effect on the field profile due to the self-consistent
effect means the increase in the effective Q/Qmin or the reflective co-
efficient of the cavity. For a given output power, the self-consistent
effect increases the RF field magnitude, compared to the cold cavity
field profile. Figure 7 plots the RF field magnitude defined in Eq.(1)
and the total efficiency nT, which are optimized with respect to the
magnetic field, as a function of the beam current I. The solid line and
broken lines correspond to the self-consistent profile model, and the
cold cavity profile model, respectively. For a fixed current, the self-
consistent profile model gives the higher field magnitude F than the cold
cavity profile model, by a factor 1.4. The efficiency of the self-consistent
profile model is slightly higher than that of the cold cavity profile
model.
Table 1 summarizes the calculated results of the minimum Q gyrotron,
including the beam current, the output power, the field magnitude F, and
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the efficiency for the fixed output 100 kW. The cold cavity profile
model gives a smaller current, a smaller F value, and a higher efficiency,
than the Gaussian profile model. This is consistent with the fact that
the cold cavity profile is broader and the efficiency increases even in
the up-taper section. However, the self-consistent effects narrow the
profile as Figs.3, and 4 show, and the F value increases compared to the
cold cavity profile model. Consequently, the F value of the self-
consistent profile model for 100 kW output power is quite close to that
of the Gaussian profile model. In the self-consistent profile model,
however, the efficiency is higher and the current is smaller than the
Gaussian profile model. The results with the peak efficiency are also
shown in Table 1. The self-consistent profile model results indicate
that 195 kW can be generated in the TE0 3 1 mode consistent with an
average wall loading of 2 kW/cm2.
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3. Experiment
3-1. Experimental Instruments
The minimum Q cavity shown in Fig.2 was electroformed. We measured
the axial profile of the mandril radius and checked the dimensional accuracy.
The cold cavity test was performed in reflection by using an IMPATT diode
oscillator and a high sensitivity heterodyne receiver system ( Woskoboinikow
et al. 1985 ) The experimental cold cavity Q was 1300*100, which is in
good agreement with the calculated value of 1150.
The cavity was inserted into the MIT gyrotron, which has been described
previously (Kreischer et al. 1984). The main magnetic field is provided
continuously by a Bitter coil. The cavity is connected with the electron
gun through a gate valve and a beam tunnel. The electron gun produces an
electron beam up to 10 A at 65 kV and operates with a 1-2 ps. pulse.
The gun is provided with its own magnetic coil so that the beam quality
can be optimized.
The millimeter wave radiation after the cavity is propagated along
an over-moded circular waveguide with 1.27 cm inner diameter; this wave-
guide also acts as the beam collector. The millimeter wave radiation is
launched into free space through a motheye window. This motheye window
has low reflection over a broad band of frequencies (Ma and Robinson, 1983).
Two separate orthogonal pyramid arrays are cut by ultrasonic machinery on
each side of the 7.1 mm thick fused quartz window. The period and the
depth of the pyramid are designed to be 0.63 mm and 1.27 mm, which give a
very good transmission performance between 120 and 240 GHz. The trans-
mission coefficient was experimentally measured in free space and found
to be -98 % around 138 GHz.
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Measurement of the gyrotron performance was made with several in-
struments including a video-diode, a calorimeter for power measurement,
and a harmonic mixer system and a surface acoustic wave (SAW) dispersive
line for precise frequency and line width measurement.
3-2. Experimental Results
The gyrotron cavity was designed for optimum operation at 140 GHz in
the TE03 1 mode. It was found, however, that the optimum efficiency zone
could not be investigated in this mode because of mode competition from
the near TE2 3 1 mode. This mode competition effect has been previously
observed at very high power levels (Kreischer et al. 1984). Therefore,
we chose to investigate operation of the gyrotron in the TE42 1 mode
at 127 GHz, a mode which is isolated and has no important mode competition
effects. The previous discussion of self-consistent effects in the TE0 3 1
mode is also applicable to the TE4 2 1 mode. This follows because the
gyrotron cavity properties are, to good accuracy, separable into the
transverse and axial profiles. Although the TE0 3 1 and TE4 2 1 modes
have very different transverse mode structure, the axial profiles are
nearly identical. Since the self-consistent field effects in the present
experiments primarily affect the axial field profile, the results in the
TE42 1 mode provide a good test of a minimum Q cavity without the added
complication of mode competition.
Figure 8 plots the total efficiency, output power field, and the
optimum magnetic field as a function of the beam current. The beam
voltage is 62.3 kV. The maximum efficiency is 37 % at 6.6 A, and the
maximum output power is 195 kW. The efficiency and the output power
are slightly higher than those of our previous cavity with a relatively
high reflectivity ( Kreischer et al. 1984 ). The efficiency is found to
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peak at 6.6 A, about twice the current for peak efficiency in our previous
experiment ( Kreischer et al. 1984 ). This is consistent with the design
goal of achieving optimum efficiency at 200 kW of output power in the
present case vs. 100 kW in the previous design. In Fig.9, we show the
corresponding results of the self-consistent theory, to compare with the
experimental results in Fig.8. The self-consistent theory gives the
maximum efficiency 60% at 5.5 A beam current, which is 1.6 times higher
than the experimental maximum efficiency. Some of possible reasons for
this discrepancy may be degradation due to cavity ohmic losses (i.e.,
flQ < 1) and the finite thickness of the electron beam.
The starting current was measured for TE4 2 1 mode. In Figure 10,
the starting current as a function of the magnetic field is plotted, for V =
63.6 kV. The broken line shows the experimental result, and the solid
lines are the self-consistent theory results for the fundamental axial
mode q = 1, and the second higher mode q = 2. Because of the
characteristics of our power supply, the experimental data along the high
magnetic field side of the curve was determined by turning the mode on,
while the data on the lower magnetic field side was determined by turning
the mode off. The experimental result shows a good agreement with the
theory ( q = 1 ). The divergence of theory and experiment on the
lower magnetic field side may be due to hysterisis effects in the hard
excitation region of operation. The q = 2 mode was not observed and
was probably suppressed by the q = 1 mode.
16
4. Discussions and Conclusions
One of the technological constraints of high power, high frequency
gyrotrons is the wall loading due to the ohmic loss in the cavity. This
wall loading can be reduced by using a cavity with a minimum diffractive
Q value. This type of cavity (minimum Q cavity) has a very small reflec-
tion at the output taper, and the field magnitude in the cavity is reduced.
We realized such a minimum Q cavity by using a nonlinear up-taper, the
radius of which increases very gradually with respect to the axial direction.
The feasibility of the minimum Q gyrotron has been demonstrated experimen-
tally and a maximum efficiency of 37% at 150 kW, in the TE4 2 1 mode at
127 GHz has been achieved. This efficiency is also slightly higher than
that of our previous gyrotron ( Kreischer et al. 1984 ).
A detailed theoretical analysis was performed by using the RF axial
field profile of the cold cavity and the self-consistent field profile.
The minimum Q gyrotron has several unique properties. The interaction
between the electrons and the RF field occurs even over a up-taper section,
because the radius of the nonlinear taper increases very slowly and the
synchronous condition may be satisfied in the wide range of the up-taper.
Consequently, the theoretical total efficiency reaches 60% ( the perpen-
dicular efficiency 87% ), which is remarkably high. Secondly, the self-
consistent effect of the interaction between the electrons and the RF field
axial profile is dominant, because the geometrical structure of the
cavity does not provide much reflection for the field. The self-consistent
calculation is required to analyze the gyrotron performance. The most
important effect is that the RF field axial profile gets narrower than
the cold cavity profile, and the RF field magnitude increases for
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the fixed current. This effect is caused by the interaction between the
electrons and the backward travelling wave forming the cavity field
profile together with the forward travelling wave of the waveguide mode.
The self-consistent model indicates that output powers up to 200 kW can
be generated in the TE0 3 1 mode at 140 GHz with an average ohmic wall load-
ing less that 2 kW/cm 2 and a high efficiency.
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Table 1
Calculation Results of Minimum Q Gyrotron
Gaussian
Model
Cold Cavity
Model
Self-Consistent
Model
I(A)
3.4
3. 1
5.0*
2.9
5.0*
P(kW)
48
51
56
54
60
100
100
180
100
195
V = 65 kV, a = 1.5, TE 0 3 1 mode
* optimum efficiency point
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F
0.115
0.09
0.105
0.11
0.145
Figure Captions
Figure 1 Contours of perpendicular efficiency ni in the plane of F
and P for a Gaussian profile model. Broken lines are for
Q/Qmin = 2.5 and 1, assuming P = 100 kW, 140 GHz, and
TE031 mode. Average wall loading is also shown for a-5x107(am)-1 .
Figure 2 Shape of minimum Q cavity using cubic up-taper.
Figure 3 Axial RF field profiles and efficiency profiles of minimum Q
gyrotron, for I = 5A and the various magnetic field. The field
amplitude If(z)I is normalized by its peak value. Solid and
broken lines are self-consistent profile model and cold cavity
profile model (C.C.), respectively. The top shows the
position of the cavity.
Figure 4 Axial RF field profiles for Bo = 5.42 T and the various beam current.
The field amplitude If(z)| is normalized by its peak value.
Figure 5 Equicontour curves of oscillation frequency from self-consistent
profile model, in the plane of beam current I and magnetic
field Bo. No oscillations occur in the hatched area.
Figure 6 Contours of total efficiency nT from the self-consistent
profile model.
Figure 7 Normalized RF field magnitude F and total efficiency flT as
functions of beam current I. Solid lines, and broken lines
correspond to self-consistent profile model (S.C.), and cold
cavity profile model (C.C.), respectively.
Figure 8 Experimental results of output power P, total efficiency nT,
and optimized magnetic field Bopt, as functions of beam current
I. TE4 2 1 mode and beam voltage 62.3 kV.
23
Theoretical results of output power P, total efficiency nT,
and optimized magnetic field Bopt, as functions of beam current
I. Conditions are the same as Fig.8.
Starting current Ist as a function of magnetic field Bo, for
TE4 2 1 mode, and beam voltage 63.6 kV. Solid lines are theoretical
data (q=1, and 2), and broken line is experimental data.
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